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Many genes act together during the complex process of insect larval and pupal development. 20-Hydroxyecdysone interacts with juvenile
hormone to control insect growth and development and then activates several transcription factors, i.e., Broad, E74, and E75, and, subsequently,
the late target genes. To investigate this phenomenon, we used serial analysis of gene expression (SAGE) tag-based cDNA microarray analysis to
monitor the global gene expression profile during larval development and larva–pupa metamorphosis of the silkworm Bombyx mori. Of the 330
clones that were dotted to the chip, 267 were obtained by generating longer cDNA fragments from SAGE tags for gene identification, and the
others were obtained from SAGE tag-matched genes or expressed sequence tags from public databases. According to the gene expression profile,
the genes were classified into 12 clusters using a self-organizing map analysis. The results were partially confirmed using real-time reverse
transcription–polymerase chain reaction. We obtained 22 full-length cDNAs using rapid amplification of 5′ cDNA ends, of which eight genes
were novel in the silkworm. Our results indicated that use of a cDNA microarray based on SAGE tags is effective for identifying and examining
some low-expression genes associated with insect development.
© 2007 Elsevier Inc. All rights reserved.Keywords: Bombyx mori; cDNA; gene expression; GLGI; SAGE; microarray; silkwormInsects are the most widely distributed and successful animal
class in the world. Rapid propagation and complicated meta-
morphosis are the pivotal reasons for this success. Because of
metamorphosis, insects can survive either high-heat or below-
freezing environmental conditions. During molting and meta-
morphosis, diverse morphological, physiological, biochemical,
and molecular events result in distinct developmental changes
such as cellular proliferation, programmed cell death, tissue
remodeling, and cell migration [1]. For example, larval tissues
such as the gut, salivary gland [2], silk gland [3], and larval-
specific muscles undergo programmed cell death and subse-⁎ Corresponding author. Fax: +86 21 54924047.
E-mail address: yphuang@sibs.ac.cn (Y. Huang).
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doi:10.1016/j.ygeno.2007.05.005quent histolysis. The imaginal discs undergo physical restruc-
turing and differentiation to form rudimentary adult appendages
such as wings, legs, eyes, and antennae. Insect molting and
metamorphosis are under the control of hormones secreted from
specific organs, such as the brain, prothoracic glands, and
corpora allata [4]. Two major hormones, 20-hydroxyecdysone
(20E) and the sesquiterpenoid juvenile hormone (JH), are
responsible for insect growth and development, and the balance
of these two hormones defines the outcome of each develop-
mental transition [5].
To date, a series of genes related to insect development and
metamorphosis has been cloned and investigated. Extensive
studies over the past decade have demonstrated that 20E exerts
gene regulatory effects via a nuclear hormone receptor that is a
heterodimer of the ecdysone receptor (EcR) and Ultraspiracle
373Y. Zhang et al. / Genomics 90 (2007) 372–379(USP) [6]. After binding to 20E, the EcR–USP complex dif-
ferentially activates several early response genes, i.e., Broad
[7], E74 [8], and E75 [9], and, subsequently, the late target
genes. The genes involved in JH synthesis [10] and JH meta-
bolism [11–13] and other related genes have also been
studied, elucidating the importance of the upstream portion of
hormone-regulated metamorphosis. However, insect molting
and metamorphosis comprise an integrated set of develop-
mental processes controlled by a transcriptional hierarchy that
coordinates the action of hundreds of genes [1]. Relatively
few target genes have been identified, and it remains unclear
how these genes propagate the hormonal signals to direct the
appropriate growth and development of the organism [14]. In
addition to these hormones and their receptors, many genes of
unknown function are involved in the control and execution
of metamorphosis.
The generation of vast amounts of DNA sequence informa-
tion, coupled with advances in technologies developed for the
experimental use of such information, allows the description of
biological processes from a global genetic perspective [1]. The
technology of cDNA microarray or DNA chip allows the
monitoring of the expression of hundreds to thousands of genes
simultaneously and provides a format for identifying genes as
well as changes in their activity [15,16]. Several researchers
have used cDNA microarrays to study the metamorphosis of
insects. White et al. [1] reported the microarray analysis of gene
expression patterns in Drosophila as it undergoes the transition
from larva to pupa. Using DNA oligonucleotide microarrays,
Butler et al. [17] discovered genes with highly restricted
expression patterns in the Drosophilawing disc. The expressionFig. 1. Serial analysis of gene expression (SAGE) tag-based cDNAmicroarray techniq
of the silkworm from egg, larval, pupal, and adult developmental stages; constructio
antisense RNA amplification of five larval and five pupal stages; Cy3/Cy5-labeled cD
5′ RACE of the genes of interest; cloning of full-length cDNA.of genes identified from silkworm expressed sequence tags
(ESTs) induced by 20E in a stage-specific manner was also
quantified by microarray analysis [18]. The cDNA microarray
has become an effective method to examine the expression
levels of thousands of genes. However, it is able to analyze only
previously isolated genes or ESTs. The comprehensive search
for expressed genes by serial analysis of gene expression
(SAGE) can reveal not only known but also novel transcripts
present within the RNA population examined [19]. By
computing the frequency of each tag (14 bases long) isolated
in the SAGE library of interest, it is possible to estimate the
abundance of its corresponding mRNA transcript [20]. SAGE
has been used to examine gene expression in a wide range of
organisms, including yeast, Arabidopsis thaliana, mouse, and
human [21–26].
Therefore, we integrated the advantages of microarray and
SAGE in a method we called SAGE tag-based cDNA micro-
array analysis (Fig. 1). Using SAGE technology, we obtained
257,964 SAGE tags, of which 39,485 were unique, and we
detected a number of genes that were up-or down-regulated
during the four developmental stages of the silkworm Bombyx
mori life cycle: egg, larva, pupa, and adult [27]. We used the
technique of generating longer cDNA fragments from SAGE
tags for gene identification (GLGI) to overcome the problem in
which one tag has multiple matches [28]. Then, the cDNA
microarray analysis using the chips dotted with these EST
clones was employed to examine the gene expression at 10
points during silkworm development (the first day of each larval
instar, i.e., L1, L2, L3, L4, and L5, and every 2 days of the pupal
stage, i.e., P0, P2, P4, P6, and P8). Our results confirmed thatue: main steps include total RNA samples extracted from 10 different time points
n of a SAGE library for each stage and screening of differently expressed tags;
NA; cDNA microarray to confirm gene expression levels of the selected stages;
Table 1
Summary of generating longer cDNA fragments from SAGE tags for gene
identification
3′ EST length (bp)
40–100 101–200 200–300 300+
Number of clones 106 (39.7%) 109 (40.8%) 39 (14.6%) 13 (4.9%)
Average length 74 147 243 345
Match rate 64.2% 75.3% 74.4% 77.9%
EST, expressed sequence tag.
374 Y. Zhang et al. / Genomics 90 (2007) 372–379the SAGE tag-based cDNA microarray is a very effective
system for identifying genes that are expressed differently at the
various developmental stages.
Results
Selective screening of tags in the four SAGE libraries and
GLGI
As reported by Huang et al., a total of 69,100, 62,232,
63,966, and 62,666 SAGE tags were available from libraries of
the egg, larval, pupal, and adult stages of the silkworm life
cycle, respectively [27]. In total, 39,485 unique tags were
detected in all four developmental stages, whereas 17,718,
13,243, 14,044, and 15,224 unique tags were found to express
during the egg, larval, pupal, and adult stages, respectively. To
identify the genes that may play important roles in the transition
from larva to pupa, we analyzed the expressed tags using the
National Center for Biotechnology Information (NCBI) SAGE
database (http://www.ncbi.nlm.nlh.gov/SAGE/). We selected
SAGE tags satisfying the following two criteria when larval and
pupal libraries were compared: the tag amount was significantly
(pb0.01) up-or down-regulated and the tag amount had N3 or
b1/3 times difference.
Using the above criteria, 442 tags were chosen. We then used
the GLGI technique and obtained 267 3′ ESTs from these tagsFig. 2. Functional classification of the expressed sequence tags obtained from S
identification. The y and x axes represent EST categories and percentage of the tota(Table 1). The size distribution of these amplified fragments
ranged from 41 to 576 bp. The 3′ ESTs were divided into four
groups by length; the average length in each group was 74, 147,
243, and 345 bp. The proportion of tags that matched EST or
genomic sequences was determined (Table 1).
Functional classification of the ESTs
We performed a functional classification of the ESTs
obtained through GLGI and SAGE tag primarily using a
BLAST search of the Gene Ontology (GO) database. For
unknown reasons, we were unable to find matches for many
genes using the GO; thus, we classified the genes based on their
function in other organisms. Combining the molecular function
and biological process we classified the ESTs into 12 groups
(Fig. 2). Nearly 19.39% of clones were related to metabolism in
the molting and larva-to-pupa metamorphosis processes
(Fig. 2), including genes such as serine protease, sulfotransfer-
ase, and trehalase. About 4.56% of clones belonged to the
silkworm stress-related genes (Fig. 2). Of these, the expression
levels of the heat shock proteins hsp90, hsp19.9, and hsp20.8
changed dramatically in the array analysis. Because many GLGI
sequences were short, 24.33% of the ESTs resulted in no hits in
the BLAST search. GO analysis was not performed for these
ESTs.
Clustergram of gene expression profiles and self-organizing
map (SOM) analysis
To interpret the microarray data, we grouped the genes using
hierarchical clustering and SOMs according to the similarity of
expression patterns (Fig. 3). Gene expression profiles at the 10
developmental stages, from L1 to L5 and from P0 to P8, are
shown using hierarchical clustering (Fig. 3A). Clones (n=182)
that showed dramatic changes in their expression levels were
clustered into 12 groups using SOM analysis; the number ofAGE tags by generating longer cDNA fragments from SAGE tags for gene
l ESTs, respectively.
Fig. 3. (A) Gene expression profiles at different stages by hierarchical clustering. The time point compared to P0 is indicated above each column. Gene expression
profiles are shown in rows. Red indicates that a gene is more highly expressed at the time point than at P0, whereas green indicates the opposite. Sets of genes with
similar patterns cluster together. (B) Self-organizing map of gene expression profiles. The label in the upper left corner of each cluster indicates the cluster number (c0
to c11), and the number in the top center of each box indicates how many genes are in each cluster. Inflection points from left to right represent different stages from L1
to P8 as described in the introduction of the text.
375Y. Zhang et al. / Genomics 90 (2007) 372–379genes in each group is shown in Fig. 3B. These selected clones
had different expression patterns. For example, in cluster 0, the
genes were similarly up-regulated at all larval stages, but after
pupation, the expression level was much lower and had little
change from P2 to P8 stage. It was noted that serine protease
was included in this cluster. In cluster 1, the expression level
was similar to that of cluster 0 at larval stages, but decreased
right to the bottom at P8. The juvenile hormone diol kinase fell
into this group. In cluster 2, the 11 genes showed a fluctuating
expression pattern starting from L1 and peaking at the P0 stage.
In cluster 10, the expression level was low during the larval
stages, but increased continuously after pupation and reached a
maximum in the P4 stage. A mRNA-encoded cuticle protein
was present in this cluster. Cluster 11 contained mRNAs
showing a more dramatic increase from P2 stage. Of 24 genes
belonging to the 12 clusters identified by the SOM analysis,
some were novel proteins, whereas others were reported to have
important roles during silkworm metamorphosis, for example,
hemolymph juvenile hormone binding protein and juvenile
hormone acid methyltransferase (Table 2).Quantitative polymerase chain reaction (PCR) confirmation of
four representative genes
To confirm the changes in gene expression, we performed
quantitative real-time reverse transcription–PCR analysis of
four representative genes (Fig. 4). We analyzed the genes
encoding four different proteins that have dramatic fold changes,
as observed from the array analysis of the different develop-
mental stages. These four genes had similar expression patterns
using the two methods, except for exiguous differences in some
stages. Although we did not perform quantitative PCR for other
genes, these results indicate that most of the gene expression
profiles are reliable.
Full-length cDNA cloning of selected tags
To determine whether genes can be identified from the limited
information from the SAGE tags and GLGI results, rapid
amplification of 5′ cDNA ends (5′ RACE) was conducted to
clone the full-length cDNA. Considering the microarray results,
Table 2




TTGGCTTCAA 0 AAM92004 Serine protease (Bombyx mandarina)
CCGCGGGCAG 0 AAX39408 Cellular retinoic acid-binding protein
ACCATCGACG 1 AAC06038 β-Glucosidase precursor
(Spodoptera frugiperda)
ATCGCCATCT 1 CK499742 Juvenile hormone diol kinase
CTGTTGCGGA 2 EAL34223 Similar to nuclear protein 1
GCCAGCCAGG 2 AF509239 Chemosensory protein CSP1 mRNA
GAATTACTGA 3 AAM92004 Hemolymph juvenile hormone
binding protein (Manduca sexta)
TATATGCACT 3 Q8T498 Insulin-related peptide-binding
protein (S. frugiperda)
TATTTCAAGG 4 P20613 Sex-specific storage protein 2
precursor
CAGAATATCC 4 AB164195 Bombyx moriCATmRNA for catalase
GATAACTGAT 5 BAD52259 Receptor for activated protein kinase
C homolog
TTTGTGTGTT 5 AB113578 Juvenile hormone acid
methyltransferase mRNA
CTTGTTATTA 6 BAE06190 Glycine-rich protein
CCTTCCACTT 6 P08827 Chorion class B protein L11
GAGACAACTC 7 AV400348 Heat shock protein hsp20.8
CAGATCCAAT 7 BAB87849 p27K
CCCAAGAGTT 8 AAS93722 RE64616p (Drosophila melanogaster)
AACAACGAGC 8 CK540647 Ubiquinol–cytochrome c reductase
complex
TATTATTTAT 9 XP_397016 Similar to ENSANGP00000022972
ATGAAATTGT 9 AAR87763 Fibroinase precursor
TATGAATGGG 10 BAB32479 bmwcp4 mRNA for cuticle protein
TTCTACGGTG 10 BP120212 Bombyxin A-7 precursor
TTCAGACAGA 11 BAB32481 Cuticle protein
TCTACCTTCG 11 X15557 Chorion locus sequence
encompassing gene pairs A/B.L12
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transition were selected to conduct 5′ RACE experiments, from
which we obtained 22 full-length cDNAs. These cloned genes
included proteases, cuticle proteins, chorion proteins, glutathione
transferase, and several novel proteins (Table 3). Functional
analyses of these genes are currently under way. These results
indicate that the method of combining SAGE tag and GLGI with
5′ RACE is a useful technique for cloning novel genes.
Discussion
During larval molting and larva-to-pupa metamorphosis of
the holometabolous insects, distinct developmental changes
such as cell proliferation, programmed cell death, tissue
remodeling, and cell migration take place [1]. A variety of
platforms for genome-wide screening have been used to study
metamorphosis. cDNA microarrays and SAGE are among the
most widely used methods. Many genes involved in the control
and execution of Drosophila metamorphosis have been studied
using microarray analysis [1]. Microarrays have also been used
to study genes involved in metamorphosis [17,18]. In addition,
Huang et al. [27] discovered a number of genes that were up-or
down-regulated during the four developmental phases of the
silkworm life cycle using SAGE technology. In the present
study, we combined the advantages of these two technologiesusing a method called SAGE tag-based cDNA microarray
analysis. We applied cDNA microarray analysis to chips that
were dotted with the EST clones obtained through GLGI to
examine the gene expression of 10 larval and pupal develop-
mental time points of the silkworm.
Using GLGI integrated with 5′ RACE, we successfully
cloned 22 full-length genes from the 10-bp-long SAGE tags.
These genes include serine proteases, larval-or pupal-specific
cuticle proteins, hemolymph proteins, an ecdysteroid-regulated
protein, and some retinoic acid-binding proteins, including 4
novel genes that have not been reported previously from any
organism. Real-time PCR analyses confirmed the microarray
result of these genes. Thus, combining the GLGI sequences
with genomic information can facilitate full-length cDNA
cloning, especially for novel genes.
Gene expression profiles during insect molting and larva-to-
pupa metamorphosis were interpreted by this SAGE tag-based
cDNA microarray technique. According to the similarity of
expression patterns, genes were grouped by hierarchical
clustering and SOMs. The 182 clones showing dramatic
changes in expression levels were clustered into 12 groups
using SOM analysis. Different patterns of global expression of
these chosen clones were observed among the 10 develop-
mental time points. Twenty-four reported genes belonging to
the 12 clusters were selected and real-time PCR partially
confirmed the results.
The sequencing of the genome of the domesticated silkworm
[30] and the construction of the simple sequence repeat linkage
map [31] have facilitated the silkworm as a suitable model
insect. The SAGE data were well correlated with the cDNA
microarrays for the comparative expression analyses of
metamorphosis. Therefore, SAGE tag-based cDNAmicroarrays
seem to be an effective system to detect genes that are expressed
differently among various developmental stages and facilitate
the cloning of novel full-length genes. It should be noted that a
similar technology called SuperSAGE array, which uses the 26-
bp transcript tags by SuperSAGE directly to run microarray, has
been established recently [32,33]. Comparing this method with
that used in our study, there are two major differences: first,
SuperSAGE array uses the 26-bp oligonucleotides correspond-
ing to SuperSAGE tag sequences, while our method uses the 3′
ESTs by GLGI and second, to obtain the full-length cDNA,
researcher has to run one more 3′ RACE PCR for the
SuperSAGE than for our method. With the accumulation of
SAGE and microarray data, both the SuperSAGE and the
technology adopted in this study may help us further understand
the molecular mechanism of complex physiological events such
as insect postembryonic development including metamorphosis.Materials and methods
Animals
A Chinese strain of the silkworm B. mori, “Dazao,” was provided by Dr.
Muwang Li (Sericultural Research Institute, Chinese Academy of Agriculture
Sciences) and maintained at 25 °C and a relative humidity of 70–80%. Silkworm
larvae were reared at 25 °C under a 12-h light/12-h dark cycle. Under these
Fig. 4. Quantitative real-time PCR analysis of selected genes. The transcript levels of the target genes at different stages were calculated relative to the amount of target
gene in the P0 stage and are presented as the relative fold expression change (log base 2), after normalization. Comparison of quantitative real-time PCR (left column)
and array analysis (right column) results shows the similar expression patterns between these two methods. (A) Cuticle protein, (B) heat shock protein, (C) bombyxin
precursor, (D) ecdysteroid-regulated protein.
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late photophase on day 6–6.5 and pupated 3.5 days later. Five silkworms were
sampled on the first day of each larval instar. During the pupal stages, samples
were taken on the first day and at 2-day intervals. Adults were sampled on the first
day after emergence. All samples were stored immediately in liquid nitrogen.
SAGE and GLGI
The SAGE procedure was performed on mRNA from silkworms in the four
developmental stages from egg to adult as described previously [27]. GLGI was
performed according to the SAGE protocol [29]. Sufficient numbers of templates
for GLGI analysis were generated using low-cycle PCR. We used the SAGE
primers 5′-GGATTTGCTGGTGCAGTACA-3′, as the sense primer, and 5′-
ACTATCTAGAGCGGCCGCTT-3′, which was located at the 3′ end of all cDNAs
generated from the anchored oligo(dT) primers, as the antisense primer. The sense
primer used for GLGI amplification contained the 14-base SAGE tag sequence and
the 6 bases CAGGGA of the BsmFI site, giving a total of 20 bases for each primer:
5′-CAGGGACATGXXXXXXXXXX-3′. The PCR conditions were 95 °C for
5 min; 30 cycles of 94 °C for 30 s, 55–65 °C for 30 s, and 72 °C for 45 s; and 72 °C
for 5 min after the last cycle. The amplified products were purified with phenol:
chloroform (1:1) and then precipitated by the addition of a mixture that contained
2 μl of 20 mg/ml glycogen (Invitrogen), 133 μl of 7.5 MNH4OAC, and 1000 μl of
100% ethanol. This mixture was incubated at −80 °C for 30min and centrifuged at13,000 rpm for 30 min at 4 °C, and the supernatant was removed. The PCR-
amplified fragments were then cloned into the pMD18-T vector (Catalog No.
D504A; Takara, Tokyo, Japan). Six positive clones for each tag were screened
using PCR amplification with the M13 reverse and M13 forward primers. The
products were sequenced on an ABI 3730 DNA sequencer (Perkin–Elmer).
DNA microarray
The sequenced GLGI products were cloned into the pMD18-T vector
(Takara). Sequence homology was confirmed using an advanced BLASTsearch.
For the analysis, we used 317 cDNA clones consisting of 315 genes encoding
metabolism, transporters, stress-related genes, storage proteins, and other genes.
The PCR products prepared from these clones were spotted onto glass slides
using a robot with four printing tips (Kakengeneqs); the lengths of the amplicons
ranged from 100 to 500 bp. To normalize the carrying efficiencies of labeling
and detection, a series of housekeeping genes encoding ribosomal protein SA,
ribosomal protein S2, G3PDH, and G3PDH2 and the negative controls DMSO
and POLYA80 was spotted in each of the four DNA spots.
RNA isolation and antisense RNA amplification
Total RNAwas isolated using TRIzol reagent (Invitrogen) and purified using an
RNeasy mini kit (Qiagen) according to the manufacturers’ instructions. Poly(A)
Table 3
Full-length cDNAs obtained by 5′ RACE
Tag sequence 5′ RACE GSP primer (5–3) Gene identity Larval count Pupal count
TTGTGCTCTG CAAGAGGTGAAACGGGAAA Serine proteinase 208 0
TTGGCTTCAA GAGGCTCACTTGGCGTTTT Serine protease 134 1
ACGATTTGCA CCAAGCGGATTTCCTACCC Novel protein 58 0
GGTTTGAGAC TCTCGTCAGCGATGTAGGTAA Cuticle protein 29 0
TCAAGCTCAT ATCCCACAAGTGAACAAATCTCC Hemolymph protein 21 0
TTTTGAGTCG GGCAATATCCCGACTCAAAA Novel protein 10 0
TACCCCGGTA GCGGTGATCTCCTTCTGCA Actin A1 210 65
TCGCAGCAGA CCAGTGTTGCCAGCGTTG Similar to CG5021-PB 67 17
AAGGCAATGG CGCATACAGATCTGCCATTG Fibrillin-like protein 62 19
GAGAATTATA ATGCAGGCCGAGGTTCA Novel protein 22 7
GCGTGCGCTA GCCAAGATGTCCACCGTAT Similar to CG14534-PA 20 16
CTGGCCTCCC GCGCCTGTCTTCACTTGTTGG Chloride channel 0 2
TCCCCGTACA CTGAAGCAAGGCGACAAAT Ribosomal protein S11 43 145
TAAATACGAC GCGTCTTTGGCACTGATTTT Cuticle protein 2 173
GCACAGGCTG CTTGAACTTGGCTCGGACA Ribosomal protein L35A 0 75
CATTTGTGGC AATACTCCATCACGCCTTCTG Ribosomal protein L23 0 122
GTCTAGGTGG TATTTCGTTTGGAGGAGGG Chorion class B protein 0 416
TTGAAGCCCC CTATGAGGGTGAGGTTTCCA ATP synthase subunit c 10 1
AATTCTCAAG TCAGCTCACGGGCTCAAC Novel protein 19 0
CCGCGGGCAG TCGAGTGCGATCTTCCTG Cellular retinoic acid-binding protein 8 0
GATTCAGAAT CGCTGGCTCCCTGAACTG Ecdysteroid-regulated protein 33 0
GATTTCAAAG CACAGTCGAAACATACCAAA Glutathione transferase 7 0
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amplification method according to the MessageAmp aRNA kit (Ambion). One-
tenth of the resultant aRNA sample was electrophoresed in 1% agarose gel andwas
quantitatively estimated by ethidium bromide staining. Thus, we adjusted the
amount of aRNA to be used for the labeling procedure.
Microarray experiments and data analysis
Labeled aRNA was produced by reverse transcription. To produce labeled
cDNA, 1 μl of 1 mM Cy5–dCTP or Cy3–dCTP was added to reaction mixtures
containing cRNA amplified for each silkworm stage. The reaction mixtures
were incubated at 42 °C for 2 h and then at 70 °C for 5 min. The fluorescent
probes were purified using a PCR purification kit (Qiaquick Nucleotide
Removal Kit), quantified, and vacuum-dried into a tube. The fluorescent probes
were treated and then hybridized to microarrays at 42 °C for 16 h and
subsequently hybridized with rotation at 42 °C for 16 h. After hybridization, the
microarrays were washed with 2× SSC, 0.2% SDS for 10 min at 55 °C and then
twice in 0.1× SSC, twice in 0.2% SDS for 10 min, twice in 0.1× SSC, and
finally in deionized water at room temperature for 2 min. Scanning and data
analysis were performed using an Agilent Scanner and Imagene 4.0
(BioDiscovery), respectively. The median of the spot intensities, which are
the signal intensities of the pixels in each spot, was subtracted from the median
of the background intensity, which is the signal intensity of the pixels around the
spot. Spots in which the mean spot intensity was greater than 3 standard
deviations of the mean background intensity were used for further analysis. The
ratios of the signal intensity from the various silkworm stages to that of the first
pupal stage P0 were determined. We used background subtraction based on
negative controls and per-spot and per-chip intensity-dependent normalization
(Genespring) to obtain the ratios.
Quantitative real-time PCR
The cDNA of the different stages was synthesized using the oligo(dT) 18
primer and ReverTraAce Moloney murine leukemia virus reverse transcriptase
(Toyobo, Osaka, Japan) according to the manufacturer’s recommendations.
Quantitative real-time PCR was performed using gene-specific primers (see
Supplementary data) on a real-time PCR system (Corbett Rotor-Gene) using SYBR
Premix Ex Taq (Takara). SilkwormGAPDH (UBI; NCBI Accession No. D12776)
was used as the reference gene. The relative gene expression was evaluated using
the comparative cycle threshold method [24].5′ RACE and full-length cDNA cloning
Basing on the GLGI results, we designed gene-specific primers derived from
different SAGE tags. To obtain the 5′ end, we amplified the double-stranded cDNA
using the gene-specific primers and the 5′ universal primer 5′-CGACTGGAG-
CACGAGGACACTGA-3′, which is homologous to the RNA oligo. Thus, only
mRNA that had the RNA oligo ligated to the 5′ end and was completely reverse
transcribed was amplified. The PCR conditions were 95 °C for 5 min; 5 cycles of
94 °C for 30 s and 72 °C for 3min; 5 cycles of 94 °C for 30 s and 70 °C for 3min; 25
cycles of 94 °C for 30 s, 62 °C for 30 s, and 68 °C for 3 min; and 68 °C for 10 min
after the last cycle. The 5′ RACE amplification products were detected by 1%
agarose gel electrophoresis in TAE and stained with ethidium bromide. Finally, the
purified 5′ RACE PCR products were cloned into the pMD 18-T vector (Catalog
No. D504A; Takara) and sequenced on an ABI3730 DNA sequencer (Perkin–
Elmer). Integration of the 5′ RACE and GLGI sequences provided the full-length
cDNA corresponding to the SAGE tags.Acknowledgments
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